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ABSTRACT 
 
This project was carried out to study the availability of using Acoustic Emission (AE) 
technique on mild steel MIG welding. The objective of this research is to investigate the 
effect of welding joint between two types of mild steel and also to classify different type of 
signal characteristics occur on defected and non-defected welding joint. Test plans consist of 
two experiments. Experiment one was conducted to see the signal characters on defected 
welding joint meanwhile for experiment two for non-defected welding joint. The same 
procedures were applied for both experiments. MIG welding process was run to joint two 
plate of mild steel. The sensor then was located at five different positions for both defected 
and non-defected welding joint to capture the AE waves. The signals of AE were recorded 
using physical acoustic instrumentation. For all five positions on defected and non-defected 
welding joint, the value, of hits, counts, peak amplitude, RMS, and rise time were recorded 
and analysed were using Matlab. The result showed almost all parameters values for defected 
welding joint were higher compared to the non-defected welding joint. The results also show 
all parameters value highest at third position for both experiments due to weight of load. The 
conclusion has shown that the defected welding joint has produced higher number AE signal 
compared to the non-defected one due to error of stress location or cracks at welding joint. 
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ABSTRAK 
 
Projek ini dijalankan untuk mengkaji kebolehan dan keupayaan menggunakan teknik Emisi 
Akustik dalam keluli lembut yang digabungkan menggunakan kimpalan MIG. Tujuan kajian 
ini dilakukan adalah untuk mengkaji kesan gabungan kimpalan antara dua plat keluli lembut 
dan juga untuk mengelaskan perbezaan jenis isyarat yang terhasil di atas kimpalan plat yang 
mengandungi kecacatan dan yang tidak mengandungi kecacatan. Pelan ujian terdiri daripada 
dua eksperimen. Eksperimen pertama dijalankan untuk melihat karaktor isyarat untuk 
gabungan kimpalan plate yangg sengaja dicacatkan manakala eksperimen kedua dijalankan 
untuk melihat karaktor isyarat untuk gabungan kimpalan plate yang tiada kecacatan. Teknik 
gabungan kimpalan MIG digunakan dalam kedua-dua eksperimen. Sensor ditempatkan di 
lima tempat yang berbeza untuk kedua-dua eksperimen. Isyarat Emisi Akustic direkodkan 
menggunakan alatan akustik fizikal. Untuk kesemua lima posisi yang telah ditandakan, nilai-
nilai hits, jumlah dan RMS (rata-rata, minimum dan maksimum) direkodkan dan dianalisis 
menggunakan Matlab. Keputusan menunjukkan untuk setiap nilai parameter di atas gabungan 
kimpalan plate yang dicacatkan lebih tinggi berbanding dengan gabungan kimpalan plat yg 
tiada kecacatan. Keputusan juga menunjukkan semua nilai parameter tertinggi pada posisi 
ketiga disebabkan nilai pemberat. Kesimpulan menunjukkan gabungan kimpalan yang 
dicacatkan menghasilkan lebih banyak signal AE berbanding gabungan kimpalan yang tiada 
kecacatan disebabkan kesalahan lokasi tekanan atau keretakan pada gabungan kimpalan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 THE OBJECTIVE OF PROJECT 
 
(i) To study the effect of welding joint between two types of mild steel 
(ii) To study the effectiveness of acoustic emission testing on mild steel MIG 
welding. 
(iii)To classify different type of signal characteristics on welding joint. 
 
1.2 THE SCOPE OF PROJECT 
 
This project focus on the following aspect 
 
(i) Perform welding process of two different types of mild steel using Metal 
Inert Gas (MIG) welding. 
(ii) Acquire acoustic emission signal near the welding joint using the acoustic 
emission acquisition system during welding. 
(iii)Analyse the signal acquired using the acoustic emission acquisition system 
and Matlab. 
(iv) Identify the different signal characteristic. 
(v) Select the best type of mild steel to be welded. 
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1.3 PROBLEM STATEMENT  
 
Two types of acoustic emission signal appeared during welding process 
known as useful and disturbances signal. The useful signal occurs because of 
essential changes in the melted region of the spot weld. Meanwhile, for the 
disturbances signal, it is because by the noises come from surrounding like noise in 
the electrical component, noise of cooling liquid and also noise from electrodes 
knocks.  In order to specify the types of signal characteristic before and after welding 
process, the acoustic emission device was use with some analysis using Matlab 
software. The acoustic emission testing was carried out during welding process of 
two types of mild steel. The signal was captured by acoustic emission device and was 
interpreted to find the variable signal characteristics before and after the welding 
process take place. 
 
1.4 PROJECT BACKGROUND 
 
Acoustic emission analysis is one of the best and effective ways to monitor 
the welding process signal.  Various types of signal characteristics will occur during 
welding process and to identify that kind of signal the acoustic emission device will 
be used in this project. Same like other materials and structures, welding process also 
involved in dynamic phenomena which has different characteristic sound sources. 
The main goal of analysing acoustic emission signal is to appropriate determination 
of acoustic emission. In this research, the different type of acoustic emission signal 
characteristic will record in other to classified either the signal is useful of just a 
disturbances signal. Before welding process, the best selection of material needs to 
be done. Different materials will produce different signals when the acoustic 
emission device attached to welding point. Mild steel is one type of material that was 
widely used in welding process. Metal Inert Gas (MIG) welding was effective 
welding type to use in joining the mild steel.  MIG welding is an arc welding process 
that use as an electrode and as filler metal. In this welding type, the arc and weld 
pool occur will be protected by inert gas shield. MIG welding prefer some 
advantages that make it choose as a welding type. To make the welding process 
become fast, this MIG welding could be used because it provides high welding 
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speed. Beside, this type of welding also provide very small heat affected zones that 
make easy to analysis the welding joint. Excellent oxide film removal during welding 
and an all-positional welding capability are two different thing that also become the 
reason why MIG welding is the most widely used to weld and joint two different 
type of mild steel. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 METAL INERT GAS (MIG) WELDING 
 
 This type of welding process was first used in the USA in 1940s in many 
applications like automotive manufacture and cross-country pipelines. It is an arc 
welding process that uses a continuously fed wire both as electrode and as filler 
metal. In addition, the arc and the weld pool being protected by an inert gas shield. 
MIG welding provide several advantages to their user. The example of MIG welding 
advantages are provide high welding speed, smaller heat affected zones than TIG 
welding, excellent oxide film removal during welding and an all-positional welding 
capability. Because of above advantages, the MIG welding is the most widely used in 
several applications especially in joining of mild steel. 
 
 Metal inert gas (MIG) welding is a process that melts and joint metals 
by heating employing an electric arc established between a continuous wire 
(electrode) and metals to be welded. Shielding protection of the arc and molten metal 
is carried out by means of a gas, which can be active or inert. In the case of 
aluminium alloys, nonferrous alloys and stainless steel Ar gas or mixtures of Ar and 
He are employed, whereas for steels the base of the shielding gases is CO2. When 
using an inert gas, it is kwon as MIG process (Metal Inert Gas) and MAG when 
Metal Active Gas is used. MIG process is one of the most employed to weld mild 
steel. 
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There are three basics metal transfer in MIG process: globular transfer, spray 
transfer and short-circuiting transfer. In the globular transfer, metal drops are larger 
than the diameter of the electrode, they travel through the plasma gas and are highly 
influenced by the gravity force. One characteristic of the globular transfer is that this 
tends to present, spatter and an erratic arc. This type of metal transfer is present at 
low level currents, independently of the shielding gas. However, when using CO2 
and He, globular transfer can be obtained at all current levels (Garcia, 2002). 
 
On the other hand, spray transfer occurs at higher current levels, the metal 
droplets travel through the arc under the influence of an electromagnetic force at a 
higher frequency than in the globular transfer mode. In this transfer mode, the metal 
is fed in stable manner and the spatter tends to be eliminated. The critical current 
level depends on the material, the diameter of the electrode and the type of shielding 
gas. 
 
In short-circuiting transfer, the molten metal at the electrode tip is transferred 
from the electrode to the weld pool when it touches the pool surface, that is, when 
short-circuiting occurs. The short-circuiting is associated with lower levels of current 
and small electrode diameters. This transfer mode produces a small and fast-freezing 
weld pool that is desirable for welding thin sections, out-of-position welding and 
bridging large root openings (Garcia, 2002). 
 
The principal advantages of MIG welding are:  
(i) Is possible to perform welds in all welding positions. 
(ii) Rate deposition is roughly two times than SMAW.  
(iii) Quality of the welds is very good.  
(iv) Is possible to weld materials with a short-circuiting transfer mode, 
which tends to improve the reparation and maintenance operations. 
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2.1.1 Mig welding process 
 
 MIG welding process uses direct current with the electrode connected to the 
positive pole of the power source, DC positive or reverse polarity. Recent power 
source developments have been successful in enabling the MIG process to be also 
used with AC. Most of the heat developed in the arc is generated at the positive pole, 
in the case of MIG welding the electrode, resulting in high wire burn-off rates and an 
efficient transfer of this heat into the weld pool by means of the filler wire. When 
welding at low welding currents the tip of the continuously fed wire may not melt 
sufficiently fast to maintain the arc but may dip into the weld pool and short circuit. 
This short circuit causes the wire to melt somewhat like an electrical fuse and the 
molten metal is drawn into the weld pool by surface tension effects. The arc re-
establishes itself and the cycle is repeated. This is known as the dip transfer mode of 
metal transfer. Excessive spatter will be produced if the welding parameters are not 
correctly adjusted and the low heat input may give rise to lack-of-fusion defects. At 
higher currents the filler metal is melted from the wire tip and transferred across the 
arc as a spray of molten droplets, spray transfer. This condition gives far lower 
spatter levels and deeper penetration into the parent metal than dip transfer. When 
welding aluminium the low melting point of the aluminium results in spray transfer 
down to relatively low welding currents, giving a spatter-free joint (Garcia, 2002). 
 
 
 
Figure 2.1: MIG welding process 
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2.1.2 Welding procedures and techniques 
 
 The MIG welding process takes several techniques to complete in very good 
condition. These techniques should be considered by MIG welding user to ensure the 
weld joint is in smooth and good condition.  They are not to be regarded as hard and 
fast rules. But the parameters quoted form a starting point from which to develop a 
procedure especially designed for the applications. The rules and technique is clearly 
described below. 
a) Arc Starting 
 
Starting point of welding is an important consideration that should take note 
by the welder.  This is because to avoid defects from occur, welder should strike the 
arc some 25mm ahead of the desired starts point and then move back to the weld 
start before beginning to weld forward at a normal speed. A welding process start 
when the wire begins to feed as soon  as the trigger is operated and is short-circuited 
when it touches the work piece, establishing the arc. The current surge on short-
circuiting may cause arcing within the contact tip and spatter to adhre to the shroud 
and contact tip. These can lead to wire feeding problems (Garcia, 2002). 
 
b) Torch Positioning 
 
Torch positioning is important in MIG welding to prevent damage to weld 
joint. The angle at which the torch is presented to the joint is important in that an 
incorrect angle can result in air entrainment in the shielding gas and will also affect 
the degree of penetration. Normally the torch should be normal to the surface and 
pointed forward towards the direction of travel at an angle of between 10° and 15° 
from the vertical. This type of angle also known as forehand angle. As this angle 
increase, penetration will decrease and the amount of air entrained in the shielding 
gas gradually increase. Arc length cannot be set by adjusting the voltage since this is 
a function of the resistance of the circuit as a whole. The arc length is set by the 
welder using both sight and sound, a correct arc length being characterised by a soft 
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crackling sound similar to the sound of frying bacon. Too short an arc sounds harsh 
and gives excessive spatter while a long arc has a humming sound. 
 
c) Ending The Weld 
 
This part occurs when the weld is ended. At this time, the wire feed is 
abruptly stopped the weld pool will freeze and a shrinkage crater will form. If the 
weld pool is small this crater may be simply a shallow depression in the weld 
surface. To get very smooth weld joint, below method should be considered. 
 
(i) The use of run-off tabs on which the weld can be terminated, the tab being     
subsequently removed. 
(ii) Increasing the travel speed just before releasing the trigger. This causes the weld 
pool to tail out over a distance. It requires a high measure of skill on the part of 
the welder to produce acceptable results. 
(iii)Making a small number of brief stops and starts into the crater as the weld cools. 
This adds filler metal to the crater. 
(iv) As the trigger on the torch is released the wire feed speed and the welding 
currents are ramped down over a period of time. The crater is fed with 
progressively smaller amounts of molten filler metal as it forms, resulting in the 
filling and elimination of the crater. This crater filling facility is standard on 
modern equipment and is the preferred method for avoiding piping porosity and 
crater cracks. 
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2.2 OVERVIEW OF ACOUSTIC EMISSION (AE) 
 
2.2.1 History of Acoustic Emission  
 
Acoustic emission is an efficient technology to be use in an investigation 
about stress in materials. It is well known that every day we face with life 
phenomenon that relate with changing of stress in materials. The phenomenon like 
breaking glass, falling tree and cracking ice are some examples of fracture sound we 
may hear from different objects subjected to stress. In scientific, acoustic emission 
define as a phenomenon of sound and ultrasound wave generation by materials that 
undergo deformation and fracture process. Properties and environment factors are 
two different things that affected the characteristics of acoustic emission waves. 
 
The history of acoustic emission starts in 8th century when the AE undergo 
two different eras which is pre-technological and technological. When pre-
technological era people were observing acoustic emission signal without use any 
instruments. They just use their part of bodies to define what type of acoustic 
emission are occurs. The heard of cracking stones, fracturing of bones and cracking 
of wood in the fire are example how people in pre-technological era observe the 
acoustic emission signal.  
 
 
 
Figure 2.2: A pre-technological man observes the wood condition either it is safe to 
pass over or not. 
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In 20th century the technological era has started to replace the pre-
technological era. A few developments have been seen in this era. The researches 
started to mention about audible sound in their material deformation investigation. 
Reseacher like J. Czochralski noted the term of “tin cry” that show the audible 
emissions produced by mechanical twinning of pure tin during plastic deformation. 
Seven years later, A. Portevin and F. Le Chatelier come out with new investigation 
about different frequency of audible sounds that could be heard during plastic 
deformation of an Al alloys, manganase and copper. Then in 1924, P. Ehrenfest and 
A. Yoffe prove that the process of shear deformation of salt and zink is cause by 
clicking sound. After a decade, researches started to use an instrument in their 
acoustic emission signal investigation (Muravin, 2009). 
 
Experimentation continued throughout 1950 when J.Kaiser wrote about effect 
of the absence of acoustic emission in materials under tensile stress. Beside, J.Kaiser 
also comes out with an investigation entitled “Result and Conclusions from 
Measurement of Sound in Metallic Materials under Tensile Stress. After a decade, 
J.Kaiser comes out with few of thesis and now his research accepted as a modern 
acoustic emission testing. After several years, researches from all over the world 
have been decided to create working group because they can see the development of 
acoustic emission technology quick running. Today, acoustic emission testing uses in 
industries all over the world and in many research centres worldwide. 
 
2.2.2 Introduction of Acoustic Emission 
 
Acoustic emission technology has been applied in lots of field like in 
education, medical, engineering and also as a research background. The development 
of acoustic emission is running very fast. Nowadays, acoustic emission becomes a 
non-destructive test (NDT) to detect some errors of stress location in mechanical 
loaded structure. Acoustic emission can provide information about discontinuity that 
occurs in mechanical loaded structure. Potters is an example of material that 
discontinuity occur in it stress location. Potters observed the sound emitting from the 
pots when deformations occur. This phenomenon actually becomes the first acoustic 
emission technique heard from metal. 
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Figure 2.3: Potters 
 
The producing of acoustic emission signal is unique. It begins when some 
forces acting of mechanical loaded structure. Then because of that force the 
deformation take place and at once breakdown the structure of material at specific 
places. When this material breakdown, it produce some wave that move from wave 
source and travel through the body until it give signal to the remote sensor. This is 
what we called as an acoustic emission signal. The signal produce then will going to 
analysis part to assure it suitable to use the signal for further processing (Muravin, 
2009) 
 
There are several advantages and limitations that should be considered by 
researches to use this acoustic emission technique compare to others technique. 
 
Advantages 
 
(i) Can be used in many applications like monitoring, characterization, proving, 
detection and also relocation. 
(ii) Easy to handle because it is a global monitoring. 
(iii)Compactness and small weight of instrumentation. 
(iv) Save energy and power when handle acoustic emission test. 
(v) Material anisotropy is good 
(vi) Reliability and convenience in usage. 
(vii) Less failure occurs during test. 
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Limitations 
 
(i) Repeatability will occur because acoustic emission is stress unique and each 
loading is different. 
(ii) Attenuation that will disturb stress wave.  
(iii)Can be subjected to extraneous noise. 
 
The physical nature of acoustic emission in different materials is an important 
thing to understand to ensure the development of the acoustic emission technology 
become reality. The characteristics of acoustic emission and sources it generated are 
two different things that need to determine to ensure this acoustic emission 
technology is the best one to be used in engineering field.  The functional properties 
of several materials are easy to change when those materials was tested by using 
acoustic emission technique.  Because of this reason the non-destructive test (NDT) 
is introduced by researchers to avoid the changes of properties in test materials 
(Christian, 2008). 
 
NDT actually is the technology of accessing the soundness and acceptability 
of a material, component or structure without change its functional properties. NDT 
method commonly used to detect and locate faults in mechanically loaded structure 
and component. The example of application that show NDT use to detect and locate 
faults is like detecting and locating in pressure vessels, damage assessment in fibre-
reinforced polymer-matrix composites and monitoring welding applications and 
corrosion processes. 
 
The NDT method is an original idea introduced by J.Kaiser in 1950s. At that 
time the phenomenon of sound emitted during crack growth became an issue that 
need to be investigated. The fast development in engineering technology just makes 
the AE testing become more complicated. Separating the useful information from the 
background noise was the challenge to the instrument developers. 
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The acoustic emission process takes several processes to complete. It starts 
with some forces acting on test materials body. The forces then will make some 
energy appears and will affected the stress structure of test materials. The stress 
occurs in materials structure also known as stimulus. The stimulus will make 
deformation take place and although will give damage to the material at specific 
places. This material breakdown produces an acoustic emission signal that will sense 
by using sensor. In response, the sensor produces an electrical signal, which is passed 
to electrical equipment for further processing (Christian, 2008). 
 
2.2.3  Principle of AE Testing and AE Phenomenon 
 
The generation of AE is a mechanical phenomenon, and can originate from a 
number of different mechanisms. Mechanical deformation and fracture are the 
primary source of AE, but phase transformation, corrosion, friction, and magnetic 
processes among others also give rise to AE. The energy thus released travels as a 
spherical wave front and can be picked up from the surface of a material using highly 
sensitive transducers, usually piezo electric type placed on the surface of the 
component.  
 
Sensors are coupled to the structure by means of a fluid couplant and are 
secured with tape, adhesive bonds or magnetic hold-downs. The output of each 
piezoelectric sensor (during structure loading) is amplified through a low-noise 
preamplifier, filtered to remove any extraneous noise and further processed by 
suitable electronic equipment and analyzed to reveal valuable information about the 
source causing the energy release. Various types of other sensors are stain gages, 
accelerometers, electromagnetic acoustic transducers and optic of fiber-optic 
interferometers.  
 
The frequency range of acoustic emission phenomenon extends from the 
infrasonic (<16Hz) into ultrasonic range. The largest and therefore the longest events 
such as earthquake are found at the lowest end of the scale while frequencies in the 
audible range occur predominantly in micro seismology i.e. during fracture 
phenomenon in rocks.  
